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ABSTRACT 
We demonstrate frequency modulation (FM) in an external cavity III-V/Silicon laser, comprising a Reflective 
Semiconductor Optical Amplifier (RSOA) and an SU8 polymer waveguide vertically coupled to a 2D Silicon Photonic 
Crystal (PhC) cavity. Laser FM was achieved by local heating of the PhC using a resistive element of Ni-Cr metal as a 
microheater to change the refractive index in the cavity hence changing the lasing frequency. Presented is a thermal 
study of the laser dynamics and observations of the shift in lasing frequency. 
Keywords: Semiconductor lasers, photonic crystal, frequency modulation, silicon thermo-optic effect 
 
1. INTRODUCTION 
The importance of frequency modulated lasers is evident in their role in a wide range of applications such as: bio-
medical imaging1, LIDAR2, sensing and fast transmission communications3. Various frequency modulated lasers have 
been demonstrated with many using direct modulation of the laser injection current which modulates the laser intensity 
and frequency simultaneously4. The use of an external modulator has also been explored with multi-section lasers5. 
Several configurations for an external cavity laser using silicon-based resonant reflectors have been previously 
demonstrated. Some of these configurations employ as a silicon reflector a microdisk6, racetrack resonator7,8 and ring 
resonator devices9,10,11. Previous research has addressed the requirement for a large extinction ratio to modulate the 
output power for data bit transmission by switching between on and off states at resonance with the least power 
consumption. By employing a continuous frequency scan rather than switching this can be ideally suited for sensing 
applications. 
Here we utilize an external cavity laser with a RSOA and a PhC cavity resonant reflector as per the configuration in12. 
Previous research has seen electro-optical modulation of the Si-reflector as a means of tuning the reflectance wavelength. 
This work focuses on the thermo-optical effects in silicon to achieve modulation of the lasing frequency. Modulation of 
the current to a microheater on the Si-reflector of the external cavity laser will change the refractive index which will 
tune the reflectance wavelength and hence modulate the lasing frequency required to regain phase matching. PhC 
cavities are smaller in area than a typical ring resonator and have larger free spectral range that results in less mode 
competition effects. 
 
2. LASER CONCEPT 
The laser cavity consists of a III-V optical amplifier with one facet of highly reflective coating and the other of anti-
reflective coating. The optical output of this RSOA is butt-coupled to the SU8 waveguide which is vertically coupled to 
the silicon PhC cavity. On resonance, light couples to the PhC cavity and is back-reflected. Butt-coupling of the gain and 
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Figure 2. (a) Characterization of laser tuning by current injection. (b) Laser LI curve 
Proc. of SPIE Vol. 10682  106822D-2
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 10/23/2018










seen to red sh







p in the exp
t 20°C then a
 a value of 1 
ift as expecte
g peak shift 
 Current to t




















hift of an ave
e 3. Single mod
lved maintai
nt to the mic
 the applicatio






ith SMSR of 
ion current w
rage of 0.08 n
 




n of 4 V i.e. 
erved was ~1
 
 shift with incr
 
ion of current




as set to 40 m




4 mA to the m
3 pm at 4 mA
easing current t






re 3 shows th




nt at 40 mA
g the optical 
icroheater, th




















e peak can be
er of 16 mW
 could then be









Proc. of SPIE Vol. 10682  106822D-3
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 10/23/2018









shift can be s
0.5 GHz resp
between the t


















sented a low 
hat local hea

















ting of a PhC








ured on the o
quency shift 
yne beating f










se can be imp
dyne measure
 in Figure 5. 
t close to the
ctrum analyz
 














 at (a) 1 kHz a
CONCLUS
le of stable s
 as the reson


















 can be much
er was also 
her experimen
 was used to






ure 6. (a) and






of the laser c
 further impr
not as high 
ts. Further w
 detect the l
llected via th
gnals were pa
f the time tra
 (b). The freq
nce a noticea


































Proc. of SPIE Vol. 10682  106822D-4
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 10/23/2018
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use
  
these efficiencies with further study of the PhC heating for frequency modulation. These can provide compact low-power 
consumption devices ideally suited for the application of sensing technology. 
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